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Evaluation of the Effects of Cultured Bone Marrow Mesenchymal Stem Cell Infusion
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(autologous bone marrow infusion therapy: ABM  therapy)
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[13,14] (tumor associated 
macrophage: TAM) m1 phenotype m2 phenotype [15]
(epithelial-mesenchymal 















-Nitrosodiethylamine (DEN; N0756; Sigma-Aldrich, St. Louis, 
MO, USA) 1 Carbon tetrachloride (CCl4; 032-17016; Wako, Osaka, 
Japan) corn oil (0320-17016; Wako, Osaka, Japan) 1:3 6
CCl4 2 BMSC ( =25) DPBS
5 
1.0×106 GFP-positive BMSC 10 2 1 BMSC
5 CCl4 5 (20 )




BMSC Strain C57BL/6 Mouse Mesenchymal Stem Cells with GFP (MUBMX-
01101, Cyagen; Santa Clara, CA, USA) -MEM medium 
(12571063; Gibco (Thermo Fisher scientific), Waltham, MA, USA) 10% FBS
50mg/L gentamicin 15cm dish 3.0 105
37 5% CO2/95% (i.e. 20% 
O2), 95% 4 0.25% Trypsin-EDTA (25200-
072; Gibco(Thermo Fisher scientific), Waltham, MA, USA) 37 5
Dish DPBS (14190144; Gibco 
(Thermo Fisher scientific), Waltham, MA, USA) 1.0×106 /100 L
6 
(4)
4% paraformaldehyde 3 paraffin
Hematoxylin and eosin (H&E) foci (adenoma HCC)
[40] foci
Sirius red left lateral lobe 40
Sirius red
paraffin VECTASTAIN ABC Rabbit IgG Kit (PK-4001; Vector 
laboratories, Burlingame, CA, USA) VECTASTAIN ABC Rat IgG Kit (PK-4004; 
Vector laboratories, Burlingame, CA, USA) Avidin-Biotin 
Complex (ABC) method 4 16
2 1 ABC method
GFP Anti-GFP rabbit mab (#2956; Cell Signaling 
Technology, Danvers, MA, USA) 1:200
pan-macrophage marker Anti-F4/80 rat mab (ab6640; Abcam, 
Miton, Cambridge, UK) 1:100 M2 phenotype
Anti-CD163 rabbit mab (ab182422; Abcam, Miton, Cambridge, UK) 1:500
Keyence BIOREVO BZ-9000 microscope 
7 
(Keyence, Osaka, Japan) (BZII viewer and analyzer)
(5)
BD Microtainer® SSTTM blood collection tube for serum separation (REF 
365967; Frankilin Lakes, NJ, USA) albumin (Alb) alanine 
aminotransaminase (ALT) alpha fetoprotein (AFP)
N-Assay ALB Nittobo (12372114, 9297231; Nittobo, Tokyo, Japan) N-Assay L 
GPT Nittobo (1231911, 1231921; Nittobo, Tokyo, Japan) Canine alpha-fetoprotein 
measurement Kit (SHIMA Laboratories Co., Ltd., Tokyo, Japan)
Alb ALT AFP AFP
AFP
AFP Mouse alpha-Fetoprotein/AFP Quantikine ELISA Kit (MAFP00; R&D 
Systems, Minneapolis, MN, USA)
(data not shown) AFP ELISA
(6)
Mann-Whitney U test foci
8 




(data not shown) 14.5 BMSC
HCC adenoma
(control, 3/7=42.9%; BMSC, 2/5=40%; =0.92) 16
HCC (control, 2/3, BMSC, 1/3) 20
(Fig.2)
20 adenoma HCC
foci (control, 18/18=100.0%; BMSC, 
24/25=96%; =0.39 foci (control, 2.5 (1.1-4.4) /cm2; BMSC, 2.6 (1.7-
4.5) /cm2; =0.82) foci (control, 0.11 (0.07-0.14) mm2; BMSC, 0.09 (0.06-
0.10) mm2; =0.087) foci (control, 0.5 (0.09-0.43) mm2/cm2; 
BMSC, 0.25 (0.11-0.42) mm2/cm2; =0.74) (control, 16/18=88.9%; BMSC, 
22/25=88.0%; =0.93) (control, 2.01 (1.06-3.76) /cm2; BMSC, 
9 
2.68 (1.50-3.86) /cm2; =0.67) (control, 3.03 (2.12-4.00) mm2; BMSC, 
2.91 (1.57-4.19) mm2; =0.91) (control, 7.26 (4.49-11.63) 
mm2/cm2; BMSC, 8.62 (4.73-12.29) mm2/cm2; =0.70)
(Fig.3, Table.1) AFP (control, 64.5 (33.5-
119.5) ng/mL; BMSC, 58.0 (29.0-110.0) ng/mL; =0.54) (Fig.4, 
Table 2)
(2) BMSC ALT
Sirius red control, 3.92 (3.36-4.99) %; BMSC, 3.06 (2.65-3.65) %; =0.01
BMSC (Fig.4, Table 2) Alb 
(control, 2.3 (2.2-2.5) g/dL; BMSC, 2.3 (2.2-2.4) g/dL; =0.46)




(control, 7.77 (2.99-10.33)mm2; BMSC, 8.85 (2.35-11.26)mm2; 
=0.74) F4/80 (control, 2.56 (1.84-2.95) mm2/cm2; BMSC, 
10 
1.76 (1.23-3.34) mm2/cm2; =0.63) CD163 (control, 0.17 
(0.11-0.30) mm2/cm2; BMSC, 0.10 (0.08-0.18) mm2/cm2; =0.25) F4/80
CD163 (control, 10.03 (5.79-11.11) %; BMSC, 5.94 (3.17-11.14) %; 







(control, 10/10 = 100.0%; BMSC, 9/10 = 90.0%;  = 0.30) foci
(control, 2.70 (1.50-3.28)/cm2; BMSC, 2.66 (1.51-3.47)/cm2;  = 0.85) foci
(control, 0.09 (0.06-0.12) mm2; BMSC, 0.08 (0.06-0.08) mm2;  = 0.39)
foci (control, 0.19 (0.11-0.27) mm2/cm2; BMSC, 0.20 (0.09-0.32) mm2/cm2; 
=0.97) (control, 9/10 = 90.0%; BMSC, 9/10 = 90.0%;  = 1.00)
(control 3.51, (2.67-4.69)/cm2; BMSC, 3.37 (1.82-6.26)/cm2;  = 0.94)
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